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The association of atopic dermatitis and chronic spon-
taneous urticaria with socioeconomic status has been
little studied. The aim of this study was to investigate
the prevalence of skin diseases and their association
with socioeconomic status in adolescents in China. A
cross-sectional study was conducted at Central South
University, Changsha, China. All newly enrolled stu-
dents underwent dermatological examination and
completed a survey. Socioeconomic status was mea-
sured in terms of parental education level and inco-
me. Two-level logistic regression models were used.
A total of 8,226 students consented to participate. On
dermatological examination, moderate to severe acne
(10.2%) had the highest prevalence, followed by ch-
ronic spontaneous urticaria (2.7%), atopic dermatitis
(2.5%), and tinea (1.7%). Socioeconomic status was
positively associated with the prevalence of chronic
spontaneous urticaria (p,.,,=0.001) and atopic der-
matitis (p,,.,,=0-0094). Tinea was inversely associated
with socioeconomic status (p,.,,=0.025). Higher pa-
rental socioeconomic status was associated with hig-
her risk of atopic dermatitis and chronic spontaneous
urticaria, but lower risk of tinea.
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kin diseases with atopic or allergic backgrounds,

such as atopic dermatitis (AD), allergic contact der-
matitis (ACD), and urticaria, have been an increasing
focus of attention in recent years (1, 2). AD, a common
chronic inflammatory skin disorder affecting one-fifth of
the population in developed countries (3), is generally
considered as an atopic disease, together with allergic
rhinitis and asthma (4). Chronic spontaneous urticaria
(CSU), manifesting as recurrent itchy wheals and/or
angioedema for more than 6 weeks, affects 0.5-1% of
the general population (5), and 0.1-0.3% of children
(6). Although their aetiologies are complicated and ma-
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SIGNIFICANCE

This is the first population-based epidemiological survey
in Chinese adolescents regarding the prevalence of skin
diseases. Health disparities exist in chronic spontaneous
urticaria, atopic dermatitis, and tinea across adolescents’
parental socioeconomic status. A deeper understanding of
the complex socioeconomic risk factors and mediators for
skin diseases, especially allergic skin diseases, is needed.

nifestations varied, AD and CSU, share many similar
risk factors related to their increasing prevalence (2).
Previously, epidemics of atopic diseases and skin al-
lergies have been recognized more widely in western,
developed, countries, compared with less-developed
regions of East Asia, Europe and Africa (7-9). How-
ever, this global difference in prevalence has reduced,
and public health concern is increasing in developing
countries. Accumulated evidence has shown that these
changing epidemics are associated with altered societal,
economic and environmental determinants, in addition
to genetic-susceptibility aetiology (10, 11).
Socioeconomic status (SES), an important indicator of
socioeconomic determinants, in studying health dispari-
ties across different populations, is often measured ac-
cording to income, education level and occupation at the
individual level, and is determined by diverse economic
contexts at the population level (12). A systematic review
has reported wide variations in associations of SES with
allergic rhinitis and asthma (13); however, the association
of skin allergy, especially AD, with SES was consistent
(4, 14). Globally, the prevalence of AD and CSU in deve-
loped countries is higher than in developing countries in
general (1). Furthermore, it has been reported that urban
citizens with higher SES are more likely to experience al-
lergies than those in deprived areas (14, 15). China, which
has a typical transitional economy, has been undergoing
rapid economic development, immense urbanization,
and frequent socioeconomic mobility since the 1980s,
which exert unmeasurable diverse influence on all sorts
of disease epidemics. The prevalence of AD has been
reported to have increased from 3.1% in 2002 to 12.9%
in 2014 among selected children in China (16, 17). For
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CSU and ACD, population-based epidemiological data
is lacking. In short, the prevalence of these conditions
in China is unclear, and the impact of socioeconomic
determinants has not yet been addressed.

The aim of this study was therefore to investigate the
prevalence of primary skin diseases, especially atopic
skin diseases and CSU, and to examine their association
with indicators of socioeconomic disparities, including
SES and ethnicity, through a cross-sectional survey of
newly-enrolled college students.

METHODS

Study design

This cross-sectional study hypothesized that health disparities exist
across skin diseases. Central South University, Changsha, China,
with geographically dispersed enrollment policy, was chosen as
the sampling unit. All newly enrolled students who consented to
participate underwent a health examination and online questionn-
aire survey in September 2017.

Questionnaire

A web-based questionnaire survey was conducted on a single day,
organized by the department of student affairs of the university.
The first-year student participants completed the questionnaire in
separate computer rooms where privacy was guaranteed. During
the survey, 3 investigators were assigned to each room to provide
technical support. The questionnaire comprised 84 questions,
including demographic information (ethnicity, original regions,
parental highest educational level, household annual income
(in yuan), number of household members that live together for
more than 6 months per year); disease history (cardiovascular/
metabolic diseases, autoimmune diseases, infectious diseases,
mental disorders, etc.); history of allergy (food, drug, chemicals);
cigarette smoking (quantity, frequency, years of smoking, passive
smoking), etc.

Socioeconomic determinants

Socioeconomic determinants were measured mainly by SES and
ethnicity. Since all of the participants were newly enrolled college
students, parental SES was used to represent the socioeconomic
strata of their original families. Parental SES was measured prima-
rily by per-capita annual income and highest parental educational
level. Per-capita income was calculated as annual household
income divided by the number of household members who lived
together for more than 6 months per year, and was then divided into
province-level quintiles. The highest parental educational level
was categorized into primary school and below, middle-school,
high-school, college and above.

In addition to the individual level measure of SES, per-capita
gross domestic product (GDP) of China’s provinces, municipa-
lities, and special administrative regions in 2016, obtained from
the official site of the National Bureau of Statistics, was used as
the secondary indicator of SES.

Clinical evaluation and diagnosis

Diagnosis of skin diseases and enquiry about disease history
were performed by certificated dermatologists with wide clinical
experience, during the dermatological examination. Clinical ma-
nifestation, disease history, and family history of participants were
queried, and physical examinations were conducted to diagnose
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Fig. 1. Geographical distribution of students’ origin.

any skin diseases. For recurrent skin diseases, only those with
current symptoms and lesions were diagnosed as cases of point
prevalence. Height and weight were measured using standardized
methods and body mass index was calculated.

Statistical analysis

Continuous data were presented as means + standard deviations,
and between-group difference was tested using analysis of
variance. Categorical data were presented as number (%), and
between-group difference was tested using y? test. Cochran-Man-
tel-Haenszel y° test was used to test the linear trend of skin disease
prevalence across SES (diseases with less than 100 cases were not
tested because of to the limited power of test). Two-level logistic
regression model (individual as level 1 and province as level 2)
was used to estimate the fixed effect of SES on prevalence of skin
diseases, adjusting for level-1 confounders (age, sex, ethnicity,
parental highest educational level, cigarette smoke exposure, pet

Table I. Unadjusted prevalence of skin diseases in the participants

Total Male Female
n (%) n (%) n (%)
Acne (moderate to severe) 838 (10.19) 521 (10.65) 317 (9.50)
Dermatitis/eczema 222 (2.70) 93 (1.90) 129 (3.87)
Atopic dermatitis 142 (1.73) 66 (1.35) 76 (2.28)
Neurodermatitis 13 (0.16) 5 (0.10) 8 (0.24)
Allergic contact dermatitis 19 (0.23) 5 (0.10) 14 (0.42)
Photosensitive dermatitis 14 (0.17) 4 (0.08) 10 (0.30)
Other dermatitis 34 (0.41) 13 (0.16) 21 (0.63)
Chronic urticaria 346 (4.21) 187 (2.27) 159 (1.93)
Chronic spontaneous urticaria 222 (2.70) 110 (2.25) 112 (3.36)
Inducible urticaria 124 (1.50) 77 (1.57) 47 (1.41)
Psoriasis vulgaris 9 (0.11) 3 (0.06) 6 (0.18)
Vitiligo 17 (0.21) 12 (0.25) 5 (0.15)
Alopecia 13 (0.16) 10 (0.20) 3(0.09)
Androgenetic alopecia 11 (0.13) 8 (0.16) 3 (0.09)
Seborrhoeic alopecia 1(0.02) 1(0.02) Not observed
Alopecia areata 1(0.02) 1 (0.02) Not observed

Tinea 137 (1.67) 119 (2.43) 18 (0.54)
Tinea corporis and cruris 23 (0.28) 22 (0.45) 1 (0.03)
Tinea manus and pedis 94 (1.14) 78 (1.60) 16 (0.48)
Tinea unguium 20 (0.24) 19 (0.39) 1(0.03)

Verruca 48 (0.58) 31 (0.64) 17 (0.51)
Verruca vulgaris 30 (0.36) 18 (0.36) 12 (0.36)
Verruca plantaris 13 (0.16) 10 (0.20) 3 (0.09)
Verruca plana 5 (0.06) 3 (0.06) 2 (0.06)

Neoplasms (except naevus) 15 (0.18) 14 (0.29) 1 (0.03)

Keloid 49 (0.60) 34 (0.70) 15 (0.45)

Other skin diseases 82 (0.99) 41 (0.50) 41 (1.2)
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ownership, history of food allergy, history of drug allergy) and
level-2 confounder (provincial per-capita GDP). The effect size
of SES was presented as odds ratio (OR) and 95% confidence
interval (95% CI). The lowest SES group served as the referent
group in all models. The intra-cluster correlation coefficient (ICC)
was calculated as tp/(tp+3.29), where tp is level-2 covariance
and the constant 3.29 is level-1 error variance. Sensitivity ana-
lysis was performed by excluding students from Hunan province
(because the university is located in Hunan province and students
from this area accounted for 17.3% of the sample). p<0.05 was
considered statistically significant for all tests. Statistical analysis
was performed in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

A total of 8,226 students who consented to participate
underwent the health examination and completed the
questionnaire; and 237/8,463 (2.8%) refused to partici-
pate. The geographical distribution of the students’ origin
is shown in Fig. 1. The sex-specific number of cases and
point prevalence of skin diseases are shown in Table I.
The conditions with highest prevalence were: moderate
to severe acne (10.2%), followed by CSU (2.7%), AD
(1.7%), tinea (1.7%), and inducible urticaria (1.5%).
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The demographic characteristics of the students are
shown in Table II. The distribution of SES was consistent
with the rank of provinces by GDP per capita (Spearman
correlation r=0.24, p<0.001). Han ethnicity was as-
sociated with higher SES. Students who chose to major
in engineering had relatively lower SES compared with
students in other disciplines. Body mass index (BMI)
was positively associated with SES.

The association of SES with skin diseases (with at
least 100 cases observed) was tested. As shown in Ta-
ble I1I, students with higher family per-capita income
had increased prevalence of CSU (p, ,<0.001) and
AD (p,..,=0.009), yet decreased prevalence of tinea
(Pyens=0.025). By contrast, income was not significantly
associated with the prevalence of moderate to severe
acne, or inducible urticaria (p,_ ,>0.05).

The associations of SES with skin diseases were
further investigated using 2-level logistic regression
models. As shown in Fig. 2, crude and adjusted models
demonstrate consistent results. The prevalence of CSU
was positively associated with SES in a clear dose-
response manner (adjusted OR increased from 1.11 to

Table II. Characteristics of participants across per-capita annual income quintiles

Per-capita annual income (US $)

Total <800 ~1,600 ~3,000 ~6,000 >6,000 p-value
Age, years, mean+SD 18.4+0.8 18.6+0.9 18.5+0.8 18.3+0.7 18.3+0.7 18.4+0.7 <0.001
Sex, n (%)
Male 4,890 (50.5) 1,289 (60.5) 856 (59.3) 897 (61.4) 995 (57.9) 853 (57.9) 0.146
Female 3,336 (40.6) 840 (39.5) 587 (40.7) 563 (38.6) 725 (42.1) 621 (42.1)
Ethnicity, n (%)
Han 7,218 (87.7) 1,755 (82.4) 1,266 (87.7) 1,305(89.4) 1,559 (90.6) 1,333(90.4) <0.001
Other 1,008 (12.3) 374 (17.6) 177 (12.3) 155 (10.6) 161 (9.4) 141 (9.6)
Provinces, by geographic region?, n (%)
North 985 (12.0) 248 (11.7) 158 (11.0) 181 (12.4) 217 (12.6) 181 (12.3) <0.001
Northeast 424 (5.2) 59 (2.8) 70 (4.9) 73 (5.0) 113 (6.6) 109 (7.4)
East 1,743 (21.2) 326 (15.3) 302 (20.9) 320 (21.9) 433 (25.2) 362 (24.6)
Central 2,188 (26.6) 544 (25.6) 420 (29.1) 434 (29.7) 413 (24.0) 377 (25.6)
South 810 (9.9) 225 (10.6) 144 (10.0) 131 (9.0) 160 (9.3) 150 (10.2)
Southwest 1,070 (13.0) 409 (19.2) 175 (12.1) 147 (10.1) 178 (10.4) 161 (10.9)
Northwest 1,006 (12.2) 318 (14.9) 174 (12.1) 174 (11.9) 206 (12.0) 134 (9.1)
Provinces, by per-capita GDP (US $)b, n (%)
<6,150 2,136 (26.0) 781 (36.8) 403 (27.9) 326 (22.4) 374 (21.8) 252 (17.4) <0.001
~7,700 3,379 (41.1) 914 (43.0) 643 (44.6) 635 (43.6) 675 (39.4) 512 (34.8)
~12,300 2,156 (26.2) 392 (18.5) 340 (23.6) 396 (27.2) 513 (29.9) 515 (35.0)
>12,300 555 (6.8) 42 (2.0) 57 (4.0) 103 (7.1) 158 (9.2) 195 (13.2)
Parental highest educational level, n (%)
Primary school and below 1,641 (19.9) 812 (38.1) 335(23.2) 243 (16.6) 154 (9.0) 97 (6.6) <0.001
Middle-school 3,418 (41.6) 986 (46.3) 632 (43.8) 625 (42.8) 637 (37.0) 538 (36.5)
High-school 2,178 (26.5) 267 (12.6) 359 (24.9) 398 (27.3) 613 (35.6) 541(36.7)
College and above 989 (12.0) 64 (3.0) 117 (8.1) 194 (13.3) 316 (18.4) 298 (20.2)
Disciplines, n (%)
Engineering/technology 5,057 (61.5) 1,381 (64.9) 927 (64.2) 905 (62.0) 1,033 (60.1) 811 (55.0) <0.001
Science 522 (6.4) 123 (5.8) 78 (5.4) 97 (6.6) 101 (5.9) 123 (8.3)
Medicine/nursing/public health 998 (12.1) 224 (10.5) 166 (11.5) 163 (16.3) 242 (14.1) 203 (13.8)
Art/law/language/architecture 1,649 (20.0) 401 (18.8) 272 (18.8) 295 (20.2) 344 (20.0) 337 (22.9)
Cigarette smoke exposure (including passive), n (%) 2,707 (32.9) 734 (34.5) 481 (33.3) 495 (33.9) 530 (30.8) 467 (31.7) 0.109
Pet ownership, n (%) 2,945 (35.8) 869 (40.8) 523 (36.2) 504 (34.5) 572 (33.3) 477 (32.4) <0.001
History of food allergy, n (%) 1,376 (16.7) 254 (11.9) 225 (15.6) 222 (15.2) 342 (19.9) 333 (22.6) <0.001
History of drug allergy, n (%) 1,157 (14.1) 191 (9.0) 186 (12.9) 195 (13.4) 310 (18.0) 275 (18.7) <0.001
Body mass index (kg/m?), mean+SD 21.0+3.7 20.5+3.1 20.9+3.5 21.0+3.5 21.2+3.6 21.5+4.7 <0.001

@North: Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia; Northeast: Liaoning, Jilin, Heilongjiang; East: Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong,
Taiwan; Central: Henan, Hubei, Hunan; South: Guangdong, Guangxi, Hainan, Hong Kong, Macao; Southwest: Chongging, Sichuan, Guizhou, Yunnan, Tibet; Northwest:
Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang. ljCategorized according to provincial gross domestic product (GDP) per capita in 2016. Below $6,150: Sichuan, Anhui,
Guangxi, Tibet, Shanxi, Guizhou, Yunnan, Gansu; $6,150 to 7,700: Ningxia, Hunan, Hainan, Qinghai, Hebei, Henan, Xinjiang, Jiangxi; $7,700 to 12,300: Fujian, Inner
Mongolia, Guangdong, Shandong, Chongqing, Hubei, Jilin, Shaanxi, Liaoning; Above $12,300: Macao, Hong Kong, Taiwan, Tianjin, Beijing, Shanghai, Jiangsu, Zhejiang.
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Table III. Association of family per-capita income with the point prevalence of common skin diseases

Per-capita annual income (US $)

<800 ~1,600 ~3,000 ~6,000 >6,000 p-value Prrend
Acne (moderate to severe) 203 (9.5) 151 (10.5) 148 (10.1) 194 (11.3) 142 (9.6) 0.427 0.511
Atopic dermatitis 28 (1.3) 22 (1.5) 20 (1.4) 39 (2.3) 33 (2.2) 0.066 0.009
Chronic spontaneous urticaria 40 (1.9) 30 (2.1) 42 (2.9) 58 (3.4) 52 (3.5) 0.006 <0.001
Inducible urticaria 37 (1.7) 20 (1.4) 29 (2.0) 26 (1.5) 12 (0.81) 0.094 0.077
Tinea 46 (2.2) 24 (1.7) 20 (1.4) 33 (1.9) 14 (1.0) 0.055 0.025

2.00, compared with the lowest SES group). AD was
similar to CSU, with adjusted OR increased from 1.01 to
1.69, although the association was marginally significant
(»=0.060). Tinea was inversely associated with SES in
spite of some variations (adjusted OR decreased from
0.75 to 0.43). Ethnicity, highest parental educational le-
vel, and per-capita GDP were not significantly associated
with the point prevalence of CSU, AD, and tinea in the
adjusted models (data not shown).

In addition to the key findings, self-reported allergies
to drugs and food were also identified as risk factors for
CSU and AD. Sensitivity analysis, by excluding students
from Hunan province, showed consistent results (data
not shown).

DISCUSSION

To our knowledge, this study is the first to report the
prevalence of skin diseases among young people in
China, and the first to link common skin diseases, espe-
cially atopic conditions and urticaria (all varieties), with
socioeconomic determinants in China.

The study found that the mean point prevalence of CSU
among Chinese adolescents with mean age of 18 is 2.7%,
which is higher than in most of the world (5, 6, 15). We
observed a female predilection in CSU, which is consis-
tent with the findings from Zhong’s hospital-based study
of CSU in China (18). The point prevalence of AD in our
study is 2.5%, which is lower than the 12.9% reported for
urban children in China (17). There are several possible
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reasons for this: first, we only diagnosed current patients
and reported point prevalence by physical examination;
secondly, our study researched the population aged ap-
proximately 18 years, in contrast to the previous study,
which included children up to 7 years of age. Thirdly, our
sample had more dispersed geographical distribution and
SES, compared with previous urban-based research (18).

The current study proposed a significant positive rela-
tionship between SES and the point prevalence of CSU
and AD in a dose-response manner; in contrast, tinea
showed an inverse association with SES. There were only
a few published data regarding the association between
atopic skin diseases, skin allergies, and SES, which failed
to draw a consistent conclusion (14, 15, 19, 20). Apart
from SES, atopic skin diseases have also been reported to
be associated with a variety of other social determinants,
which may be parallel or downstream factors in SES, such
as air pollution, social mobility, and urbanization, and
changes in dietary habit (21, 22). In addition, SES could
affect certain susceptible factors of allergic diseases, such
as birth overweight, childhood obesity, maternal smoking,
and caesarean section (21-23). All of these socioecono-
mic, cultural and environmental factors interweave to
co-influence epidemics of allergic diseases. In China in
particular, increasingly diverse SES, as well as accele-
rated urbanization, increased environmental pollution,
and high caesarean section rate, constructs an intricate
picture of the social determinants of allergic diseases.
Several epidemiology studies have attempted to detect
the population-level risk factors for asthma and allergic
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Fig. 2. Fixed effect of socioeconomic status on the prevalence of skin diseases. The effect size was presented as odds ratios (OR) and 95%
confidence intervals (CI), estimated by 2-level logistic regression models. Blue and green dots signify crude and adjusted estimates, respectively.
Adjustment included level-1 confounders (age, sex, ethnicity, parental highest educational level, cigarette smoke exposure, pet ownership, history of
food allergy, history of drug allergy) and level-2 confounder (provincial per-capita gross domestic product (GDP)). The lowest socioeconomic status

quintile served as the referent group.
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rhinitis in China (24-26), yet no study of skin allergies
for this purpose has been studied previously. Hence,
population-level concerns in China of skin allergies, such
as AD and CSU, deserve higher priority. Dermatologists
will continue to track possible mediators of SES of skin
allergies in future cohort and clinical research.

Study limitations and strengths

This study has some limitations. First, there was a
selection bias in representing adolescents in China.
Participants were limited to homogeneous adolescents
aged approximately 18 years with a similar educational
background. Nonetheless, our sampling population
came from diverse geographical and socioeconomic
backgrounds prior to their enrollment. The per-capita
household income is similar to that reported in the China
Statistical Yearbook 2017 (27). This specific group was
examined, and the results warrant extension of the re-
search to other age groups. Secondly, the study did not
take asthma and allergic rhinitis into consideration due
to the limited feasibility of diagnosing allergic rhinitis
and asthma during the field survey.

The study also has some strengths: it was the first
population-based dermato-epidemiological study among
Chinese adolescents; secondly, it is the first population-
based study proposed to correlate socioeconomic de-
terminants with skin diseases in China, and is a good
initial reference regarding socioeconomic disparities in
atopic diseases and skin diseases. Thirdly, the current
study reinforces the known evidence that socioeconomic
determinants diversely affect allergic diseases across dif-
ferent cultural and economic contexts. Finally, the study
included a relatively large number of participants, and
the participation rate was extremely high owing to the
administrative intervention.

Conclusion

This study reported a higher point prevalence of CSU
among the Chinese adolescent population than has been
reported worldwide; hence the challenge ahead should
not be underestimated. It was found that health dispa-
rities exist in CSU, AD, and tinea across adolescents’
parental SES, indicating an urgent need for a deeper
understanding of the complex socioeconomic risk fac-
tors involved in atopic skin diseases and skin allergies.
Therefore, clinical dermatologists, allergists, researchers,
and patients should view atopic diseases from a broader
perspective, and allergy prevention and control should
be advocated at the macro level.
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